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CARRIER DETECTION CIRCUI'T, METHOD
FOR CONTROLLING CARRIER DETECTION
CIRCUIT, AND INFRARED SIGNAL
PROCESSING CIRCUIT HAVING THE
CARRIER DETECTION CIRCUIT

This Nonprovisional application claims priority under 35
U.S.C. §119(a) on Patent Application No. 2006/196079 filed

in Japan on Jul. 18, 2006, the entire contents of which are
hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention relates to: a carrier detection circuit
capable of removing disturbance light noise stemming from a
fluorescent lamp or an incandescent lamp; a method for con-
trolling the carrier detection circuit; and an inirared signal

processing circuit having the carrier detection circuit, which
processing circuit recerves and demodulates signals transmit-
ted from an infrared transmitter, and outputs the demodulated
signals.

BACKGROUND OF THE INVENTION

Typical examples of an infrared signal processing circuit
are: remote controllers of home electric appliances and
peripheral devices of personal computers, each of which per-
forms data communication in compliance with IrDA (Infra-
red Data Association) standard. Such an infrared remote con-
trol recerver receives ASK (Amplitude Shift Keying) signals
(remote controller transmission signals) modulated by a pre-
determined carrier of, for example, approximately 30 kHz to
60 kHz.

Here, light from a home-use inverter fluorescent light also
contains carrier components ol 30 kHz to 60 kHz. For this
reason, an infrared remote control receiver, when used around
a fluorescent light, may maltunction by detecting noise stem-
ming from the fluorescent light. In worst situation, the inira-
red remote control recerver may not be able to accurately
receive signals transmitted from the remote control.

To solve this problem, a data transierring system disclosed
in Patent citation 1 (Published Japanese Translations of PCT
International Publication for Patent Applications: 502147/
2001 (Tokuhyou 2001-502147; Published on Feb. 13, 2001))
1s provided with a certain period range T check. The system
judges whether arecerved signal 1s an infrared signal or noise,
according to whether or not a halt period Td occurred within
the period range T check. If the signal recerved 1s judged as to
be noise, an amplifier 1s controlled. However, an infrared
signal can vary depending on makers, and there are more than
ten ditlerent kinds of infrared signals: e.g., NEC codes, Sony
codes, RCMM codes, etc. Thus, some inifrared signals are not
adaptable to the halt period Td of the data transferring system,
and the system 1s not able to recetve those inadaptable 1nfra-
red signals.

Furthermore, 1n a receiver circuit disclosed 1n Patent cita-
tion 2 (Published Japanese Translations of PCT International
Publication for Patent Applications: 5063°75/2004 (‘Tokuhyou
2004-506375; published on Feb. 26, 2004)), an output signal
from a bandpass filter 1s demodulated, and the demodulated
signal 1s used as a trigger for controlling an amplifying circuit
and the bandpass filter. However, this recetver circuit has the
following problem. Namely, when noise from fluorescent
light having a high illuminance 1s incident on the recerver
circuit, the output signal of the bandpass filter 1s saturated by
the noise. This causes the demodulated signal to be constantly
in the L level. Due to this, the demodulated signal does not
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function as the trigger, and as the result, the amplifying circuit
and bandpass filter are not controlled.

SUMMARY OF THE INVENTION

In view of the foregoing problems, the present invention 1s
made, and 1t 1s an object of the present invention to realize a
carrier detection circuit, a method for controlling the carrier
detection circuit, and an infrared signal processing circuit,
cach of which reduces malfunctions attributed to disturbance
light noise 1 an infrared signal processing circuit while
avoiding problems 1n Patent citations 1 and 2.

In order to achieve the object, a carrier detection circuit of
the present invention is a carrier detection circuit for perform-
ing carrier detection, including: a first comparing circuit; a
second comparing circuit; and a logic circuit, wherein: said
carrier detection circuit 1s for use 1n an infrared signal pro-
cessing circuit including a photo-acceptance element for con-
verting an infrared signal received mto an electric signal, an
amplifying circuit for amplifying the electric signal, a band-
pass filter for extracting a carrier frequency component from
the electric signal having been amplified, and an integrating
circuit for mtegrating a carrier detected in the carrier fre-
quency component; said first comparing circuit compares (1)
an output signal of the bandpass filter with (11) a first threshold
voltage which 1s a noise detection level; said second compar-
ing circuit compares (1) the output signal of the bandpass filter
with (1) a second threshold voltage which 1s a first carrier
detection level, and whose level 1s higher than that the first
threshold voltage; and said logic circuit outputs as the carrier
an output signal of said second comparing circuit, and con-
trols the gain of the amplifying circuit based on the output
signal of said first comparing circuit so that the output signal
of said first comparing circuit 1s not output.

Further, in order to achieve the object, a method of the
present invention for controlling a carrier detection circuit 1s
a method of controlling a carrier detection circuit for per-
forming carrier detection which circuit 1s for use 1n an 1nfra-
red signal processing circuit mcluding a photo-acceptance
clement for converting an inirared signal received into an
clectric signal, an amplifying circuit for amplifying the elec-
tric signal, a bandpass filter for extracting a carrier frequency
component from the electric signal having been amplified,
and an mtegrating circuit for integrating a carrier detected 1n
the carrier frequency component; said method comprising the
steps of: comparing 1n a {irst comparing circuit (1) an output
signal from the bandpass filter with a first threshold voltage
which 1s a noise detection level; comparing in a second com-
paring circuit (1) the output signal of the bandpass filter with
(11) a second threshold voltage which is a first carrier detection
level, and whose level 1s higher than that the first threshold
voltage; and controlling with a use of a logic circuit the gain
of the amplitying circuit based on the output signal from the
first comparing circuit so that the output signal from the first
comparing circuit 1s not output; and outputting from the logic
circuit the output signal from the second comparing circuit as
a carrier.

In the above control method and configuration, the carrier
detection circuit of the present invention (1) compares, 1n the
first comparing circuit, the output signal from the bandpass
f1lter with the first threshold voltage which 1s the noise detec-
tion level, and (11) controls the gain of the amplifying circuit
based on the output signal from the first comparing circuit so
that the output signal of the first comparing circuit 1s not
output. With this configuration and the control method, the
disturbance light noise having entered 1s reduced without fail
to a level not more than the noise detection level which 1s
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lower than the carrier detection level. Thus, malfunctions
attributed to disturbance light noise 1s reduced.

Further, unlike the configuration of the Patent citation 1,
the carrier detection circuit of the present invention 1s not such
that the pattern of an infrared signal is detected. Therefore, the >
present mvention 1s applicable to various types of infrared
signals. Further, with the carrier detection circuit of the
present invention, there will not be a problem of going out of
control as would happen in the configuration of Patent cita-
tion 2. This 1s because the carrier detection circuit of the
present invention performs control by using the output signal
from the comparing circuit, which signal 1s acquired as the
result of comparison performed with respect to the output
signal from the bandpass filter, and as long as the bandpass
filter 1s oscillating, 1t 1s unlikely that the output signal of the
comparing circuit 1s missing when the control needs to be
performed.

Thus, as described, 1t 1s possible to realize a carrier detec-
tion circuit and a method for controlling the carrier detection
circuit each of which reduces malfunctions attributed to dis-
turbance light noise 1 an infrared signal processing circuit
while avoiding problems in Patent citations 1 and 2.

In order to achieve the foregoing object, an inifrared signal
processing circuit of the present invention includes the above-
mentioned carrier detection circuit.

According to the above configuration, the infrared signal
processing circuit includes the above-mentioned carrier
detection circuit. Theretore, malfunctions attributed to dis-
turbance light noise can be reduced.

Examples of the infrared signal processing circuit are: an
inirared remote control receiver, IrDA transmission/recep-
tion device, and an IrDA Control.

Additional objects, features, and strengths of the present
invention will be made clear by the description below. Fur-
ther, the advantages of the present invention will be evident
from the following explanation 1n reference to the drawings.
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FIG. 1 1s a diagram showing an exemplary configuration of
an infrared remote control receiver of an embodiment, in
accordance with the present invention.

FIG. 2 1s a block diagram showing an exemplary configu-
ration of a logic circuit provided 1n the infrared remote control 45
recelver.

FIG. 3 1s a diagram showing operational waveforms of
circuits 1n the infrared remote control receiver.

FI1G. 4(a) 1s a circuit diagram showing a specific example
of configuration of a comparator provided in the infrared 50
remote control recerver.

FI1G. 4(b) 1s a diagram showing an operation of the com-
parator.

FIG. 4(c) 1s a diagram showing an operation of the com-
parator.

FIG. 5(a) 1s a circuit diagram showing a specific example
of configuration of an oscillation circuit provided in the infra-
red remote control recerver.

FI1G. 5(b) 1s a diagram showing an operation waveform of
the oscillation circuit.

FIG. 6 1s a diagram showing a specific example of configu-
ration of a counter provided 1n the logic circuit.

FI1G. 7 1s a diagram showing a specific example of configu-
ration of a up-down counter provided 1n the logic circuit.

FIG. 8(a) 1s a diagram showing a specific example of 65
configuration of a D flip-tlop provided in the counter and
up-down counter.

55

60

4

FIG. 8(b) 1s a diagram showing an operation of the D
tlip-tlop.

FIG. 8(c) 1s a diagram showing an operation of the D
tlip-tlop.

FIG. 9 1s a diagram showing an exemplary configuration of
an infrared remote control recetver of another embodiment, in
accordance with the present invention.

FIG. 10 1s a block diagram showing an exemplary configu-
ration of a logic circuit provided in the infrared remote control
receiver of the other embodiment.

FIG. 11 1s a diagram showing operational wavetorms of
circuits 1n the infrared remote control receiver of the other
embodiment.

FIG. 12 1s a diagram showing an exemplary configuration
of an IrDA control of the other embodiment, 1n accordance
with the present invention.

FIG. 13(a) 1s a diagram explaining the stability of the BPF.

FIG. 13(b) 1s a diagram explaining waveform distortion in
an output signal of the BPF.

DESCRIPTION OF THE EMBODIMENTS

Embodiment 1

The following describes an embodiment of the present
invention with reference to FIGS. 1 to 8. An infrared signal
processing circuit of the present invention which recerves and
demodulates infrared signals and outputs the demodulated
signals 1s suitably applicable to: an infrared remote control
receiver (transmission rate: 1 kbps or less, spatial transmis-
sion distance: 10 m or longer); an IrDA transmitter/receiver
(transmission rate: 2.4 kbps-115.2 kbps, 1.152 Mbps, or 4
Mbps, spatial transmission distance: approx. 1 m); and an
IrDA Control (transmission rate: 75 kbps, subcarrier: 1.5
MHz, spatial transmission distance: 1 m or longer). The
present embodiment deals with an example where the inira-
red signal processing circuit ol the present invention 1s
applied to an mirared remote control recerver.

FIG. 1 shows an exemplary configuration of an infrared
remote control recerver 20a.

An 1nfrared remote control receiver 20a includes a photo-
diode chip 1 (photo-acceptance element) and a reception chip
16. The reception chip 16 includes: a current-to-voltage-con-
version circuit 2; a capacitor 3; an amplifier (amplifying
circuit) 4; a bandpass filter (Hereinaiter simply referred to as
BPF) §; a carrier detection circuit 12q; an integrating circuit
13; and a hysteresis comparator 14. In the figure, an 1nput
terminal IN serves as an input terminal of the reception chip
16, and an output terminal OUT serves as an output terminal
of the reception chip 16. An output signal Vo 1n the figure 1s an
output signal of the infrared remote control recerver 20a.

In the infrared remote control receiver 20q, the photodiode
chip 1 converts an infrared signal (remote control transmis-
sion signal) received from an inifrared remote control trans-
mitter (not shown) into a current signal Iin. This current signal
Iin 1s then converted 1nto a voltage signal by the current-to-
voltage-conversion circuit 2, and the voltage signal 1s ampli-
fied by the amplifier 4. Then, from the amplified voltage
signal, the BPF 5 extracts a carrier frequency component, and
the carrier detection circuit 12a detects a carrier 1n the
extracted carrier frequency component. A period during
which the carrier exists 1s integrated by the integrating circuit
13, and the output from the integrating circuit 13 1s compared
with a threshold level 1n the hysteresis comparator 14 to judge
whether or not the carrier exits. The result of the judgment 1s
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then output in the form of digital output Vo. This digital output
Vo 1s sent to a microcomputer or the like which controls an
clectronic device.

The carner detection circuit 12q includes: comparators 6a
(first comparing circuit), 65 (third comparing circuit), and 6¢
(second comparing circuit); an oscillation circuit 7; and a
logic circuit 8 which performs a logical operation on the basis
of respective outputs from the comparators 6a to 6c¢. In addi-
tion to the carrier detection, the carrier detection circuit 124
controls the gain of the amplifier 4 and the gain and Q-value
of the BPF 5.

An output signal bpt from the BPF 5 1s input to one of input
terminals of each of the comparators 6a to 6¢. To another
input terminal of the comparator 6a, a threshold voltage Vthl
(first threshold voltage) 1s input. To another input terminal of
the comparator 65, a threshold voltage Vth2 (third threshold
voltage) 1s mput. To another mput terminal of the comparator
6¢, a threshold voltage Vth3 (second threshold voltage) 1s
input. The threshold voltage Vthl 1s a noise detection level.
The threshold voltage Vth2 1s a peak detection level for judg-
ing the level of the output signal bpt from the BPF 5. The
threshold voltage Vth3 1s a first signal detection level (a first
carrier detection level). These threshold voltages Vthl to
Vth3 are such that: Vthl1<Vth3<Vth2.

The comparator 6a compares the output signal bpt of the
BPF 5 with the threshold voltage Vthl, and outputs an output
signal D1 1f the level of the output signal bpt of the BPF 5
surpasses the level of the threshold voltage Vthl. Similarly,
the comparator 656 compares the output signal bpi of the BPF
5 with the threshold voltage Vth2, and outputs an output
signal D2 11 the level of the output signal bpf of the BPF 5
surpasses the level of the threshold voltage Vth2. The com-
parator 6¢ compares the output signal bpi of the BPF 5 with
the threshold voltage Vth3, and outputs an output signal D3 it
the level of the output signal bpt of the BPF 3 surpasses the
level of the threshold voltage Vth3. The output signal D3 of
the comparator 6¢ 1s 1nput as a detected carrier to the inte-
grating circuit 13.

The oscillation circuit 7 oscillates at the same frequency as
the center frequency of the BPF 3, for example.

FIG. 2 shows an exemplary configuration of the logic cir-
cuit 8.

The logic circuit 8 includes: counters 9a (first counter) and
96 (second counter); and up-down counters 10a (first up-
down counter) and 106 (second up-down counter).

The counter 9a performs counting operation in response to
input of an output signal (clock signal) osc from the oscilla-
tion circuit 7 to a clock terminal CLK thereol. When a pre-
determined number of pulses (e.g. 15 bits, 2'°=32768 pulses)
are counted, the counter 9a outputs an amplifier control signal
ctl (first amplifying circuit control signal) for increasing the
gain to the up-down counter 10a. The counter 9q also outputs,
when a predetermined number of pulses (e.g. 10 bits,
21°=1024 pulses) are counted, a BPF control signal ctB1 for
increasing the gain and Q-value to the up-down counter 105.
Furthermore, to a reset terminal RST of the counter 9a, the
output D3 from the comparator 6c¢ 1s input.

The time constant of the amplifier control signal ctl, for
setting the time constant for controlling the amplifier, 1s 300
msec or more. Further, the time constant of the BPF control
signal ctB1, for setting the time constant for controlling the
BPEF, 1s 300 msec or less.

The counter 95 performs counting operation in response to
input of the output signal D1 from the comparator 6a to a
clock terminal CLK thereof. When a predetermined number
of pulses (e.g. 14 bits, 2'*=16384 pulses) are counted, the
counter 95 outputs to the up-down counter 10a an amplifier
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control signal ct2 (second amplifying circuit control signal)
for reducing the gain. The time constant of the amplifier
control signal ct2, for setting the time constant for controlling
the amplifier, 1s 300 msec or more. Here, the respective num-
bers of outputs of the amplifier control signals ctl and ct2
have a relation of: the number of outputs of the amplifier
control signal ct2>the number of outputs of the amplifier
control signal ctl.

The up-down counter 10a performs counting operation 1n
response to an amplifier control signal ctl output from the
counter 9a, and outputs an amplifier control signal ct11 (first
control signal) to the amplifier 4 to increase the gain of the
amplifier 4. Further, the up-down counter 10a periforms
counting operation 1n response to the amplifier control signal
ct2 output from counter 95, and outputs an amplifier control
signal ct12 (second control signal) to the amplifier 4 to reduce
the gain of the amplifier 4.

The up-down counter 105 performs counting operation 1n
response to the BPF control signal ctB1 output from the
counter 9a, and outputs a BPF control signal ctB 11 (third
control signal) to the BPF 5 to increase the gain and Q-value
of the BPF 3. Further, the up-down counter 105 recerves an
output signal D2 from the comparator 65, and performs
counting operation 1n response to the output signal D2. Then,
the up-down counter 105 outputs a BPF control signal ctB12
(fourth control signal) to the BPF 5 to reduce the gain and
(Q-value of the BPF 5.

As described, the carrier detection circuit 12a can be real-
1zed 1n a form of digital circuit. This allows downsizing of the
chip size, consequently allowing reduction of the cost.

Next described with reference to FI1G. 3 1s the operation of
the infrared remote control receiver 20a. FIG. 3 shows an
operation wavelorm of each circuit in the infrared remote
control recerver 20a. In FIG. 3, noise from a fluorescent light
enters, before a remote control transmission signal enters.

First, when the fluorescent light noise enters the infrared
remote control receiver 20a, the current-to-voltage-conver-
sion circuit 2, amplifier 4, and BPF 5 respectively perform
processes supposed to be performed, and an output signal bpt
(bpil 1n the figure) from the BPF 5 1s mput to each of the
comparators 6a to 6¢ in the carrier detection circuit 12a. Since
the relation of the output signal bpil to the threshold voltages
Vthl to Vth3 1s as shown 1n the figure, output signals D1 and
D3 are respectively output from the comparators 6a and 6c¢, as
shown 1n the figure.

Since the output signal D3 from the comparator 6c resets
the counter 9a, the counting operation of the counter 9a 1s
stopped. Meanwhile, the output signal D1 from the compara-
tor 6a 1s input to the counter 95, and the counter 96 outputs the
amplifier control signal ct2 1n response to the input. The
amplifier control signal ct2 1s then mput to the up-down
counter 10a. In response to this, the up-down counter 10q
outputs the amplifier control signal ctl12 to the amplifier 4, so
as to cause the amplifier to reduce 1ts gain.

Through this gain control of the amplifier 4, the fluorescent
light noise 1s attenuated. When the comparator 6¢ stops out-
putting the output signal D3, the counter 9a starts 1ts counting
operation, and the BPF control signal ctB1 1s output to the
up-down counter 106. In response to this, the up-down
counter 105 outputs the BPF control signal ctB11 to the BPF
5, so as to causes the BPF 3 to raise 1ts gain and Q-value.

Subsequently, the amplifier control signal ctl 1s output to
the up-down counter 10a. In response to this, the up-down
counter 10a outputs the amplifier control signal ctll to the
amplifier 4, so as to cause the amplifier 4 to raise its gain. Note
that the gain control of the amplifier 4 prompted by the output
signal D1 from the comparator 6a has been continued at this
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point. Through the above-mentioned controls of the amplifier
4 and BPF 3, the fluorescent light noise 1s attenuated to a level
not more than the threshold voltage Vthl of the comparator 64
(See Signal bpi2 1n the figure). As described, the fluorescent
light noise 1s surely reduced to the level not more than the
threshold voltage Vthl of the comparator 6a which voltage 1s
lower than the threshold voltage Vth3 of the comparator 6¢
for detecting a carrier. Thus, it 1s possible to restrain malfunc-
tions attributed to the fluorescent light noise.

Next, when a remote control transmission signal 1s input to
the infrared remote control receiver 20a, the current-to-volt-
age-conversion circuit 2, amplifier 4, and the BPF 5 perform
processes supposed to be performed, and an output signal bpt
(S1gnal bp13 1n the figure) from the BPF 5 1s input to each of
the comparators 6a to 6¢ of in the carrier detection circuit 12a.
Since the relation of the output signal bpi3 to the threshold
voltages Vthl to Vth3 are as shown in the figure, output
signals D1 to D3 are respectively output from the compara-
tors 6a to 6c¢, as shown 1n the figure. Then, the output signal
D1 prompts the above mentioned control of the amplifier 4.

Here, 1n the control prompted by the output signal D1 from
the comparator 6a and the output signal osc from the oscilla-
tion circuit 7, a sufficient time constants of 300 msec or more
1s ensured for both of the amplifier control signals ctl and ct2.
Therefore, rapid variation of the gain 1s avoided, and a stable
reception sensitivity 1s achieved when a remote control trans-
mission signal 1s mput.

Further, since the counter 9a 1s reset while the output signal
D3 of the comparator 6c¢ 1s output, 1t 1s only the control for
reducing the gain of the amplifier 4 which 1s performed, and
not the control for increasing the gain of the amplifier 4 or the
control for increasing the gain and the Q-value of BPF 5
which are prompted by the output signal osc of the oscillation
circuit 7. Thus, the amount of variation of the gain 1s made
small, and a stable reception sensitivity 1s achieved while
remote control transmission signals are input. Furthermore,
since 1t 1s only the control for reducing the gain of the ampli-
fier 4 which 1s performed, malfunctions attributed to tluores-
cent light noise can be further restrained.

While the above-mentioned control 1s performed, the BPF
5 1s controlled by the output signal D2 of the comparator 65.
When the output signal D2 of the comparator 65 1s output, the
gain and (Q-value of the BPF 5 are controlled, judging that the
level of the output signal bpl 1s unsuitable for the remote
control transmission signal, and that a problem such as an
increase 1n the pulse width of the output signal D3 of the
comparator 6¢ will occur.

Specifically, when the output signal D2 of the comparator
65 1s input to the up-down counter 105, the up-down counter
106 outputs the BPF control signal ctB12 to the BPF 5 to
cause the BPF 5 to reduce the gain and Q-value thereof.

Through this, the output signal bpt of the BPF 5 1s attenu-
ated to a level not higher than the threshold voltage Vth2 of
the comparator 6 (See bpid 1n the figure), and the level of the
output signal bpt 1s optimized. Thus, a suitable carrier for the
remote control transmission signal 1s output. This control 1s
done quickly, since the time constant set in the up-down
counter 105 1s small.

Here, since the QQ-value of the BPF 5 1s increased through
the control prompted by the output signal D1 of the compara-
tor 6a and the output signal osc of the oscillation circuit 7, the
tollowing problems for example may occur: deterioration 1n
the stability of the BPF 5; and/or deterioration of the reception
sensitivity due to increase in wavetorm distortion of the out-
put signal bpi of the BPF 5 (For further detail, see Patent
citation 3: Japanese Unexamined Patent Publication No.
56541/2004 (Tokukai 2004-56541; Published on Feb. 19,
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2004) cited hereinbelow 1n the comparative example). How-
ever, since the Q-value of the BPF 5 1s reduced through the
above-described control of the BPF 5, such a problem will not
OCCUL.

Next, when the mput of the remote control transmission
signal stops, only the counter 9a operates, and outputs the
gain control signal ctB1 to the up-down counter 105. Then,
the BPF control signal ¢tB 11 causes the BPF 5 to raise 1ts gain
and QQ-value. After that, the gain control signal ctl 1s output to
the up-down counter 10a, and the gain control signal ctll
causes the amplifier 4 to raise its gain.

Here, the above description deals with the case where the
remote control transmission signal enters after fluorescent
light noise 1s attenuated. However, 1t 1s possible that the
remote control transmission signal enters before fluorescent
light noise 1s attenuated. This however 1s not a particular
concern, as rapid control of the gain and the QQ-value of the
BPF 5 1s prompted by the output signal D2 of the comparator
6b.

FIG. 4(a) shows a specific example of configuration of the
comparators 6a to 6¢ (Each of these comparators are herein-
alter collectively referred to as comparator 6), and FIG. 4(b)
and FIG. 4(c) show an operation of the comparator 6. In the
tollowing, a MOS transistor QP refers to a P-channel MOS
transistor, and an MOS transistor QN refers to an N-channel
MOS transistor. The same goes for a comparator 64 described
hereinbelow 1n Embodiment 2.

The comparator 6 1s a hysteresis comparator as shown 1n
FIG. 4(a). First described 1s how each element 1s connected to
the others. The respective sources of the MOS transistors QP1
and QP2 are connected to each other, and are connected to a
power source terminal Vdd via a current source I1. The gate of
an MOS transistor QP1 serves as one of the input terminals of
the comparator 6, and the output signal bpf of the BPF 3 1s
input to the gate of the MOS transistor QP1. The gate of an
MOS transistor QP2 serves as another one of the input termi-
nals of the comparator 6, and a threshold voltage Vth (collec-
tive name for threshold voltages Vthl to Vthd) 1s input to the
gate of the MOS transistor QP2.

The drain of the MOS transistor QP1 1s connected to the
drain of an MOS transistor QN1. The MOS transistor QN1
and an MOS transistor QN2 form a current mirror circuit. The
gate of the MOS transistor QN1 1s connected to the drain of an
MOS transistor QN1. The drain of the MOS transistor QP2 1s
connected to the drain of an MOS transistor QN4. The MOS
transistor QN4 and an MOS transistor QN3 form a current
mirror circuit. The gate of the MOS transistor QN4 15 con-
nected to the drain of an MOS transistor QN4. Furthermore,
the drain of the MOS transistor QP1 1s connected to the drain
of the MOS transistor QN3, and the drain of the MOS tran-
sistor QP2 1s connected to the drain of the MOS ftransistor
QN2.

The gate of the MOS transistor QN1 1s connected to the
gate of an MOS transistor QN5, and the gate of the MOS
transistor QN3 1s connected to the gate of an MOS transistor
(QN6. The drain of the MOS transistor QNS 1s connected to
the drain of an MOS transistor QP3. The MOS transistors
(QP3 and an MOS transistor QP4 form a current mirror circuit.
The gate of the MOS transistor QP3 1s connected to the drain
of an MOS ftransistor QP3. The drain of the MOS transistor
QN6 15 connected to the drain of the MOS transistor QP4.

Further, a connection point of the drain of the MOS ftran-
sistor QP4 and the drain of the MOS transistor QN6 1s con-

nected to an input terminal of a CMOS 1nverter formed by an
MOS transistor QP3 and an MOS transistor QN7. An output
terminal of this CMOS 1nverter serves as an output terminal of
the comparator 6. The respective sources of the MOS transis-
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tors QP3 to QPS are connected to the power source terminal
Vdd, and the respective sources of the MOS transistors QN1
to QN7 are connected to a GND terminal.

Next described with reference to FIG. 4(b) and FIG. 4(c) 1s
an operation of the comparator 6. FIG. 4(b) shows an opera-
tion whereby an output signal bpf of the BPF 3 transits from
a large value to a small value. FIG. 4(c¢) shows an operation
whereby an output signal bpt of the BPF 5 transits from a
small value to a large value. Note that the broken lines in FIG.
4(b) and FIG. 4(c) indicates that no current 1s tlowing.

First, the operation of FIG. 4(b) 1s explained. In FIG. 4(b),
the value of the output signal bpf of BPF 3 1s large and
therefore the output signal from the comparator 6 1s 1n the H
level (the output signal D1 and D4 1s output).

When the output signal bpi>Vth-AV1, no current flows in
the MOS ftransistor QP1, and therefore, the MOS transistor
QP2 enters the overdrive state. Since, no drain current flows
in the MOS transistor QN1, no drain current flows 1n the MOS
transistor QN2 either. Accordingly, the MOS transistor QN4
turns on, and so does the MOS transistor QN3. However,
since no drain current flows 1n the MOS transistor QN3, the
drain-source voltage Vds of the MOS transistor QN3 1s OV.
Theretore, the respective gate potentials of the MOS transis-
tors QN1 and QN2 1s GND. Thus, the MOS transistors QN1
and QN2 turn off. At this point, the MOS transistor QN6 turns
on, and so does the MOS transistor QP5. Accordingly, the
output signal of the comparator 6 1s in the H level.

The level of the output signal bpf ot the BPF 5 1sreduced so
that: the output signal bpi=Vth-AV1. At this point, the MOS
transistor QP2 exits the overdrive state, and the drain current
of the MOS transistor QP2 can be reduced. When a drain
current starts to flow 1n each of the MOS transistor QP1 and
the MOS transistor QP2, the drain current flowing in the MOS
transistor QP1 flows mto the MOS transistor QN3. Thus, the
drain current flowing 1n the MOS transistor QP1 1s N times as
much as that flows 1n the MOS transistor QP2. Thus, the drain
current M1 of the MOS transistor QP1={N/(N+1)}xI1, and
the drain current M2 of the MOS transistor QP2={1/(N+1)} x
I1, and the differential pair 1s balanced.

Further, at this point, a difference 1n the gate-source voltage
Vgs of the MOS transistor QP1 and the MOS transistor QP2
1s AV. Here, 1t 1s supposed that: respective W/L ratios (where
W 1s the gate width, and L 1s the gate length) of the drain
currents M1 and M2 are equal to each other; Vgsl 1s the
gate-source voltage of the MOS transistor QP1; and Vgs2 1s
the gate-source voltage of the MOS transistor QP2. Since,
respective source potentials of the MOS transistor QP1 and
the MOS transistor QP2 are equal to each other,

Vih+Vas2=Vth-AV1+Vgsl.
Thus:

AV]1 = Vgsl — Vgs2 (1)

=22 x Vovx {(N /(N + IHY?2 = (1 /(N + I1HY2).

However, Vov=(11/(n0xCoxxW/L))"~.

where: 10 1s the mobility of a carrier; Cox 1s the capacity of
the gate mnsulative film; and Vov 1s an overdrive voltage of the
MOS transistors QP1 and QP2 for causing flows of the drain
currents M1 and M2, 1n a case of having not hysteresis (N=1).

Next, when the level of the output signal bpt of the BPF 5
1s Turther reduced so that: the output signal bpi<Vth-AV1, the
drain current of the MOS transistor QP1 1ncreases, and there-
tore the current of the MOS transistor QN3 1ncreases as well.
However, when the drain current of the MOS transistor QP1

10

15

20

25

30

35

40

45

50

55

60

65

10

increase, the drain current of the MOS transistor QP2 1is
decreases. As such, the current of the MOS transistor QN3 1s

not able to increase. Accordingly, the drain current of the

MOS ftransistor QP1 rapidly charges the gate of the MOS
transistor QN1, thereby turning on the MOS transistor QNI1.
Thus, the drain-source voltage Vds of the MOS ftransistor
(ON3 increases. Further, the MOS transistor QN2 also turns
on.

However, since the MOS transistor QN2 1s designed so as
to achieve a flow of current which 1s N times as much as the
current flowing in the MOS transistor QN1, the current of the
MOS transistor QP2, which suppose to be increased, is
reduced. For this reason, the MOS transistor QN2 acquires
current from the gates of the MOS transistor QN4, thereby
causing the gate potentials of the MOS transistors QN3 and
QN4 to fall. Thus, the MOS transistors QN3 and QN4 are
turned off. However, since there 1s a limit to the amount of the
current the MOS transistor QN2 1s able to acquire, the drain
current stops flowing in the MOS transistor QN2 when the
amount reaches the limit, and the drain-source voltage Vds of
the MOS ftransistor QN2 changes to OV. As a result, the
respective gate potentials of the MOS transistors QN3 and
QN4 are GND, and no drain current flows 1n the MOS tran-
s1stor QP2.

As described, the balance 1s instable while: the output
signal bpI=Vth-AV1 when: the output signal bpi<Vth-AV1,

the distribution of current in the circuit 1s reversed, and the
output signal of the comparator 6 switches to an L level.

FIG. 4(c) shows a case where the level of the output signal
bpt of the BPF 5 rises, while the output signal level of the
comparator 6 1s 1n L level as in FIG. 4(b). In the figure, the
output signal level of the comparator 6 1s 1n L level.

In FIG. 4(b), the source potentials of the MOS transistors
QP1 and QP2 are higher after the state of output signal bpf of
the BPF 5 has transisted from output signal bpi=Vth-AV1 to
output signal bpi<Vth-AV1, as compared with the source
potentials at the moment of transition. This 1s because the
state transition 1s caused by a positive feedback, and the MOS
transistor QP1 enters the overdrive state 1f the output signal
bpl of the BPF 5 1s less than Vth—-AV1 even by a slightest
amount. Accordingly, when the level of the output signal bpf
from the BPF 3 rises while the output signal from the com-
parator 6 1s 1n the L level as 1n FIG. 4(c¢), the drain current of
the MOS transistor QP1 does not decrease unless the output
signal bpirises up to Vth+AV2 which s larger than Vth—-AV1.
As a result, the drain current does not tlow 1n the MOS
transistor QP2. Thus, while: the output signal bpf<Vth+AV2
the drain current flows 1n the MOS transistor QP1 but not in
the MOS transistor QP2. Therefore, the current distribution 1s
the same as: the output signal bpf<Vth—AV1. Accordingly,
the output signal of the comparator 6 1s in the L level.

When the level of the output signal bpi rises to Vth+AV?2,
the drain current flows 1n both of the MOS transistors QP1
and QP2.

At this point, the drain current M1 of the MOS transistor
QP1={1/(N+1)}xI1, and the drain current M2 of the MOS
transistor QP2={N/(N+1)}xI1. Thus, the differential pair is
balanced.

At this point, Vth+Vgs2=Vth+AV2+Vgsl.

Thus,

AV2 = Vgs2 — Vgsl (2)

= 2Y2 % Vou x (N /(N + 1)Y2 — (1 /(N + 1)V2)
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Accordingly, based on the formulas (1) and (2),

AVI=AV2=AV,

and Vth—-AV1 and Vth+AV2 are symmetrical to each other
in relation to Vth.

Next, when the level of the output signal bpt of the BPF 5
rises so that output signal bpi>Vth+AV2, the current distri-
bution 1s the same as that in a case of the output signal
bpt>Vth-AV1. Theretore, the level of the output signal from
the comparator 6 1s 1n the H level. At this point, due to an
elfect from the positive feedbacking, drain current stops tlow-
ing in the MOS transistor QP1, and the MOS transistor QP2
enters the overdrive state. It the level of the output signal bpt
of the BPF S1sreduced during this state, the change explained
with reference to FIG. 4(b) occurs.

By configuring the comparator 6 as the above-described
hysteresis comparator, the respective pulse widths of the out-
puts D1 to D3 increase, and the respective counting opera-
tions of the counters 9a and 95 are triggered without fail, even
if the level of the output signal bpt of the BPF 5 1s nearby the
threshold voltage Vth.

FI1G. 5(a) shows an exemplary configuration of the oscil-
lation circuit 7, and FI1G. 5(b) shows its operation wavetorm.
Note that a cycle tosc 1n the figure 1s the cycle of the output
signal osc from the oscillation circuit. First, connections of
clements 1n the oscillation circuit 7 are described.

The respective sources of an MOS transistor QP11, an
MOS transistor QP12, and an MOS transistor QP13 are con-
nected to the power source terminal Vdd. The drain of the
MOS ftransistor QP11 1s connected to the drain of an MOS
transistor QP12. The MOS ftransistor QP12 and the MOS
transistor QP13 form a current mirror circuit. The gate of the
MOS transistor QN12 1s connected to the drain of the MOS
transistor QN12. The gate of the MOS transistor QP12 1s
connected to the drain of the MOS transistor QP12. A con-
nection point via which the drains of the MOS {transistors
QP11 and QP12 are connected 1s connected to a GND termi-
nal via a current source I12. The respective sources of an MOS
transistor QN11, an MOS transistor QN12, and an MOS
transistor QN13 are connected to a GND terminal. The drain
of the MOS transistor QN11 1s connected to the drain of the
MOS ftransistor QN12. The MOS transistor QN12 and the
MOS transistor QN13 form a current mirror circuit. A point at
which the drains of the MOS transistors QN11 and QN12 are
connected 1s connected to the power source terminal Vdd via
a current source 13.

The drain of the MOS transistor QP13 and the drain of the
MOS transistor QN13 are connected to each other. Between
(1) a connection point via which the drains are connected and
(1) the GND terminal, an MOS transistor QN14 and a capaci-
tor C1 are connected 1n parallel. Further, to this connection
point, an inverting input terminal of the comparator 30 and an
noninverting input terminal of the comparator 31 are con-
nected. A threshold voltage Vth12 is input to the noninverting,
input terminal of the comparator 30, and a threshold voltage
Vthl1 is input to the inverting input terminal of the compara-
tor 31. The threshold voltage Vth11 and the threshold voltage
Vthl2 are related to each other so that: the threshold voltage
Vthl1<the threshold voltage Vthl2.

An output terminal of the comparator 30 1s connected to a
set terminal S of a set/reset flip-flop (Hereinafter, simply
referred to as SR flip-tlop) 32. An output terminal of the
comparator 31 i1s connected to a reset terminal R of the SR
tlip-flop 32. An output terminal QQ bar of the SR flip-tlop 32 1s
connected to the respective gates of the MOS transistors
QP11 and the MOS transistor QN11. To the gate of the MOS

transistor QN14, a reset signal for resetting the oscillation
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circuit 7 1s mput from the outside. An output terminal of the
oscillation circuit 7 1s an output terminal Q of the SR thp-flop
32.

Next, an operation of the oscillation circuit 7 1s described,
with reference to FIG. 5(b).

First, it1s supposed that a signal in the L level 1s output from
the output terminal QQ of the SR flip-tlop 32. This causes an
output current from the current source 12 to flow into the
capacitor C1 via the current mirror circuit including the MOS
transistors QP12 and (QP13, thereby charging the capacitor
C1. Here, at this point, an output current from the current
source 13 flows 1nto the GND via the MOS transistor QN11
which 1s in the ON state. Therefore, the current from the
current source 13 does not contribute to the charging of the
capacitor C1.

Through the charging, a potential Cosc of the capacitor C1
rises gradually. When the potential Cosc surpasses the thresh-
old voltage Vth12 of the comparator 30, the level of the output
signal from the comparator 30 switches to the L level. Need-
less to say that the potential Cosc at this point has surpassed
the threshold voltage Vthl1. As such, the level of the output
signal from the comparator 31 1s in the H level. Therefore, a
signal 1n the H level 1s output from the output terminal of the
SR tlip-tlop 32.

Next, in response to the output of an H level signal from the
output terminal Q of the SR tlip-tlop 32, the MOS transistor
QN11 turns off, and the MOS transistors QN12 and QN13 are
turned on by the output current from the current source 13.
Hence, the potential Cosc of the of the capacitor C1 1s dis-
c“’larged As a result, the potential Cosc gradually decreases.
When 1t falls below the threshold voltage Vth11 at the com-
parator 31, the level of the output signal from the comparator
31 switches to the L level. Needless to say that the potential
Cosc at this point 1s less than the threshold voltage Vthl12. As
such, the level of the output signal from the comparator 30 1s
in the H level. Therefore, a signal 1n the L level 1s output from
the output terminal Q of the SR tlip-tflop 32. By repeating the
operation thus described, the output signal osc shown 1n FIG.
1 1s output.

The oscillation frequency fosc of the oscillation circuit 7
can be derived from the following formula (3). In the formula
(3), 1t 1s supposed that respective output current values of the
current sources 12 and I3 are equal to each other. As 1s appar-
ent from the formula (3), controlling of the output current
value of the current source 12 and/or that of the current source

I3 allow(s) controlling of the oscillation frequency fosc.

Josc=II(2xClx(Vth12-Vithl1)) (3).

However,

I: output current values of the current source 12 and the
current source 13.

Here, 1t 1s preferable that the oscillation frequency fosc be
the same as the center frequency of the BPF 5 because of the
following reason. Namely, the comparator 6 performs com-
parison using the output signal from the BPF 5, as such the
frequency of the output signal from the comparator 6 1s the
center ifrequency of the BPF 5. By setting the oscillation
frequency fosc of the oscillation circuit 7 to the same ire-
quency as the center frequency of the BPF 5, the differential
of timing between the respective output signals of the com-
parator 6 and the oscillation circuit 7 1s reduced, thereby
restraining malfunctions of the logic circuit 8. It 15 also pret-
erable that the oscillation frequency fosc be smaller than the
center frequency of the BPF 5. This 1s because, setting of the
oscillation frequency fosc to a smaller frequency than the
center frequency of the BPF 5 allows an increase 1n the time
constant of the counter 9a, which performs a counting opera-
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tion 1n response to the output signal osc from the oscillation
circuit 7, without a need of increasing the number of bits of
the counter 9a.

FIG. 6 shows a specific example of a configuration of the
counters 9a and 956 (Hereinafter collectively referred to as
counter 9).

The counter 9 includes plural 4-bit synchronous binary
counters. Fach of the 4-bit synchronous binary counters
includes 4 stages of counter sections 35, each stage including:
an exclusive circuit (Hereinafter simply referred to as
EXOR); an AND circuit (Hereimnafter simply referred to as
AND); and a D flip-tlop (D tlip-flop 40) (Heremafter simply
referred to as DFF). Note that a single 4-bit synchronous
binary counter 1s hereinatter referred to as a set. Further, an
output Q0 1s an output from a DFF0, and an output Q1 1s an
output from a DFF1. The same goes for the other DFFs as
well.

In the counter section 33 of an n th stage (where n 1s an
integer of 1 to 4) in a set, one of input terminals of the EXOR
1s connected to an output terminal of the AND 1n the counter
section 35 of the n-1 th stage. Another one of the input
terminals 1s connected to an output terminal Q of the DFF in
the n th stage. The output terminal of the EXOR 1s connected
to an input terminal D of the DFF 1n the counter section 35 of
the n th stage. To one of the input terminals of the EXOR 1n the
counter section 35 of the first stage 1n the set, a carry signal cin
from a lower order (from the preceding set) 1s input.

To the AND 1n the counter section 35 of the n th stage 1n the
set, the carry signal cin from the lower order (preceding set),
an output from the DFF of the counter section 35 of the n th
stage, and the respective outputs from the DFFs of all the
preceding stages (1.e. n—1 th, n-2 th . . . first stage) are input.
For example, 1t 1s supposed that the counter section 35A inthe
figure 1s the counter section 35 of the n th stage. The carry
signal cin from the lower order (preceding set), an output Q3
from the DFF3 in the counter section 35A, and outputs of all
the DFFs in the preceding stages are input to the AND3 1n the
counter section 35A. The respective outputs from the DFFs of
all the preceding stages 1n this case are: an output Q0 from a
DFF0 1n the first stage; an output Q1 from a DEF1 1n the n-2
th stage; and an output Q2 from a DFF2 1n the n—1 th stage.

Each set having the configuration as described above
counts pulses from 0000 to 1111, inresponse to input of clock
CLK. Note that the AND 1n the counting section 35 of the final
stage (1.e., AND3) outputs a carry signal cin to a counter of an
upper order (subsequent set), when the DEF output of the set
1s “1111”. Thus, it 1s possible to configure a multiple-bit
counter. In a case of the infrared remote control receiver 20a,
the center frequency of the BPF 5 1s 40 kHz and the pulse
cycle 1s 25 sec, mn general. Thus, according to 25 usecx
21%=0.4096 sec, a time constant of 300 msec or more is
obtained with a counter of 14 bit or more.

FI1G. 7 shows a specific example of a configuration of the
up-down counters 10a and 105 (Herematter collectively
referred to as up-down counter 10).

The up-down counter 10 includes plural 7-bit synchronous
binary counters. Each of the 7-bit synchronous binary

counters includes 7 stages of counter sections 36, and an AND
5. Each counter section 36 includes: 2 EXORs, an AND, and

a DFF. To the AND 5, outputs A0 to A6 respectively from
EXORs 1 of all the counting sections 36 are input. Note that
a single 7-bit synchronous binary counter 1s hereinafter
referred to as a set. The AND 3 1n a set outputs a carry signal
Cina to a counter of an upper order (subsequent set), when
outputs of the EXORs 1 of all the counter sections 36 are “1”.

In a counter section 36 of the n th stage (where n 1s an
integer of 1 to 7) in the set, a count control signal UD 1s mnput
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to one of input terminals of the EXOR 1, and the another one
of the input terminals 1s connected to one of input terminals of
an EXOR 2 and an output terminal Q of a DFF of the same
stage. An AND 1n the n th stage 1s connected to an output
terminal of an AND and an output terminal of the EXOR 1 1n
the n—1 th stage. The output terminal of the AND 1n the n th
stage 1s connected to an mput terminal of an EXOR 2 of the
counter section 36 in the nth stage. The output terminal of the
AND 1s also connected, along with an output terminal of the
EXOR 1 of the counter section 36 1n the n th stage, to an AN
of a counter section 36 1n then+1 th stage. The output terminal
of the EXOR 2 of the counter section 36 1n the n th stage 1s
connected to an mput terminal D of the DDF of the counter
section 36 1n the n th stage. To the AND of the counter section
36 of the first stage 1n the set, an enable signal EN and a carry
signal Cina from a lower order (preceding set) are input.

Each set having the configuration as described above
counts pulses from 0000000to 1111111, in response to input
of clock CLK. Note that up-counting 1s performed when an
H-level signal 1s mput to the count control signal UD, and
down-counting 1s performed when an L-level signal 1s input.

Here, each of the counter 9 and the up-down counter 10 has
a scan path, and 1s able to perform a shift-register operation.
In water test performed at a predetermined occasion, the
counter 9 and the up-down counter 10 are operated by using
the same clock CLK (whereas, 1n a normal operation other
than the water test, the clocks are operated by using different
clocks respectively). This allows easier designing of the test,
and improves a failure detection rate.

FIG. 8(a) shows a specific example of configuration of the
DFF 40 used 1n the counter 9 and the up-down counter 10.
FIG. 8(b) and F1G. 8(c) show an operation of the DFF 40. The
DFF 40 includes: a clocked inverter (Hereinafter simply
referred to as inverter IN); an AND; and a NOR circuit (Here-
inafter referred to as NOR). First, connections of elements are
described.

An mput terminal D of the DFF 40 1s connected to an
inverter IN1, and an output terminal of the mverter IN1 1s
connected to an mput terminal (second mnput terminal) of an
AND 11. To another input terminal (first input terminal) of the
AND 11, an H output setting terminal OS (initial value setting
means ) for setting an output of the DFF 40 1s connected. An
output terminal of the AND 11 1s connected to an input
terminal (second input terminal) of a NOR 1, and another
input terminal (first input terminal) of the NOR 1 1s connected
to areset terminal RST (1n1tial value setting means ) serving as
an L output setting terminal for resetting the DFF 40. An
output terminal of the NOR 1 1s connected to an inverter IN 2,
and an output terminal of the inverter IN 2 1s connected to the
second 1nput terminal of the AND 11.

Further, the output terminal of the NOR 1 1s connected to
an mverter IN 3, and an output terminal of the inverter IN 3 1s
connected to an mput terminal (second mnput terminal) of an
AND 12. Another input terminal (first input terminal) of the
AND 12 1s connected to the H output setting terminal OS. An
output terminal of the AND 12 1s connected to an input
terminal (second input terminal) of a NOR 2, and another
input terminal of the NOR 2 1s connected to the reset terminal
RST. An output terminal of the NOR 2 is connected to an
inverter IN 4, and an output terminal of the mnverter IN 4 1s
connected to the output terminal of the inverter IN 3. The
output terminal of the NOR 2 serves as an output terminal O
of the DFF 40, and the output terminal of the mverter IN 4
serves as an output terminal Q bar of the DFF 40.

Next, an operation of the DFF 40 1s described with refer-
ence to FIG. 8(b) and FIG. 8(c¢). FIG. 8(b) shows a case where

an H-level signal 1s input as the clock CLK, whereas FIG. 8(¢)




US 8,260,155 B2

15

shows a case where an L-level signal 1s mput as the clock
CLK. Asmentioned, the DFF 40 1s provided with the H output
setting terminal OS and the reset terminal RST, so that 1t 1s
possible to set an output of the DFF 40. Specifically, an output
of the DFF 40 (output terminal QQ) can be set to H level, by
inputting a signal 1n the L level to the H output setting termi-
nal OS. On the other hand, an output of the DFF 40 (output
terminal Q) can be reset by inputting an H-level signal to the
reset terminal RST: 1.e., the output of DFF 40 1s set to L level.
Each of the cases are described below.

First described 1s a case of FIG. 8(b) where an H-level
signal 1s input as a clock CLK, and an H-level signal 1s input
to the reset terminal RST, so as to acquire an L-level output
from the DFF 40.

See FIG. 8(b) for the following description. When an
H-level signal 1s input as a clock CLK, the mverter IN1 and
the inverter IN 4 enter a high-impedance state. Then, by
iputting an H-level signal to the reset terminal RST, the
signal 1s input to the first input terminal of NOR 1. Hence, no
matter what level the output from the AND 11 1s, the output
from the NOR 1 1s in the L. level. Therefore, the AND 11 and
NOR 1 can be regarded as an imverter whose output 1s 1n the
L level (IN 11 1n the figure). Stmilarly, the AND 12 and the
NOR 2 can be regarded as an mverter whose output 1s 1n the
L level (IN 12 in the figure). Thus, an L-level output 1is
acquired from the DFF 40.

Next described 1s a case of FIG. 8(c¢) where an L-level
signal 1s iput as a clock CLK, and an H-level signal 1s input
to the reset terminal RST, so as to acquire an L-level output
from the DFF 40.

In this case, the inverter IN 2 and the inverter IN 3 enter the
high-impedance state. The AND 11 and NOR 1 can be
regarded as IN 11 whose output is in the L level, and the AND

12 and the NOR 2 can beregarded as the inverter IN 12 whose
output 1s 1n the L level. Thus, an L-level output 1s acquired

from the DFF 40.
Next described 1s a case of FIG. 8(b) where an H-level
signal 1s input as a clock CLK, and an L-level signal 1s input

to H output setting terminal OS, so that an H-level output 1s

acquired from the DFF 40.

As shown in FIG. 8(b), the inverters IN 1 and IN 4 enter the
high-impedance state, when an H-level signal 1s input as a
clock CLK. Then, by mputting an L-level signal to the H
output setting terminal OS, an L-level signal 1s input to the
first input terminal of the AND 11. As aresult, the output from
the AND 11 1s in the L level without fail. Since an L-level
signal 1s input from the reset terminal RST to the first input
terminal NOR 1, the output of the NOR 1 i1s 1 the H level
without fail. As a result, the AND 11 and NOR 1 can be
regarded as a single mverter (IN 11q in the figure) whose
output is in the H level. Similarly, the AND 12 and NOR 2 can
be regarded as a single inverter (IN 12q 1n the figure) whose
output 1s 1n the H level. Thus, an H-level output 1s acquired
from the DFF 40.

Next described 1s a case of FIG. 8(c¢) where an L-level
signal 1s input as a clock CLK, and an L-level signal 1s input
to the H-output setting terminal OS, so as to acquire an
H-level output from the DFF 40.

In this case, the mverters IN 2 and IN 3 enter the high-
impedance state. Thus, the AND 11 and NOR 1 can be
regarded as IN 11a whose output is 1n the H level. Further, the
AND 12 and NOR2 can be regarded as an inverter IN 12a

whose output 1s in the H-level. Thus, an H-level output 1s
acquired from the DFF 40.

As described, the output of the DFF 40 can be set by
inputting an L-level signal to the H output setting terminal OS
or mputting an H-level signal to the reset terminal RST.
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Through this, it 1s possible to set the gain of the amplifier 4,
and set the gain and Q-value of the BPF 3§ at the time of

turning-on the power. This allows the gain of the amplifier 4
and the gain and (Q-value of the BPF 5 to be respectively set to
values which are suitable for the use environment. Hence, an
infrared remote control recerver 20a which 1s adaptable for
various use environments 1s realized.

Embodiment 2

The following describes another embodiment of the
present invention, with reference to FI1G. 9 to FIG. 11.

FIG. 9 shows an exemplary configuration of an infrared
remote control recerver 205. Note that members with the
same reference numerals as those of the foregoing infrared
remote control recerver 20a shown 1n FIG. 1 have the same
functions, and explanations for these members are therefore
omitted here.

The configuration of the infrared remote control receiver
206 1s different from that of the infrared remote control
receiver 20q 1n that the infrared remote control recerver 205 1s
provided with a carrier detection circuit 125, instead of the
carrier detection circuit 12aq.

The carrier detection circuit 125 1s different from the car-
rier detection circuit 12q in that the carrier detection circuit
125 includes a comparator 64 (fourth comparing circuit), a
logic circuit 8a (instead of the logic circuit 8), and a selector
circuit 11. To one of mnput terminals of the comparator 64, an
output signal bpt from the BPF 5 1s mnput. To another one of
the input terminals, a threshold voltage Vth4 (fourth threshold
voltage) which 1s a second signal detection level (a second

carrier detection level) 1s mput.
The threshold voltages Vthl to Vthd have a relation of:

Vth1<Vth3<Vth4<Vth2.

FIG. 10 shows an exemplary configuration of the logic
circuit 8a.

Although the configuration of the logic circuit 8a 1s sub-
stantially the same as the logic circuit 8; however, the logic
circuit 8aq includes an up-down counter 1056b 1nstead of the
up-down counter 105. The up-down counter 1055 controls the
BPF 5 as 1s done by the up-down counter 105, and also
controls the selector circuit 11. More specifically, when an
output signal D2 from the comparator 65 1s input, the up-
down counter 1065 outputs a selector control signal cts to the
selector circuit 11.

The selector circuit 11 receives the output signal D3 from
the comparator 6¢ and an output signal D4 from the compara-
tor 64, and selects therefrom a carrier. The carrier 1s selected
based on the selector control signal output from the up-down
counter 1055 1n the logic circuit 8a. The output signal D4 of
the comparator 64 1s selected as the carrier when the selector
control signal cts 1s 1nput.

When the output signal D2 of the comparator 65 1s output:
1.., when 1t 1s judged that the level of the output signal bpf
from the BPF § 1s not suitable for a remote control transmis-
s1on signal, and that a problem such as an increase 1n the pulse
width of the output signal D3 of the comparator 6¢ may occur,
the output signal D4 of the comparator 64 1s output as the
carrier to the subsequent stage. Thus, outputting of suitable
carrier for the remote control transmission signal 1s possible.

Further, since the output carrier 1s the output signal D4 of
the comparator 64 which signal has been acquired as a result
of the comparison with the threshold voltage Vth4 higher than
the threshold voltage Vth3, 1t 1s possible to further restrain the
malfunctions attributed to the fluorescent light noise.

Further, the configuration of the Embodiment 2 1s capable
of handling a case where tfluorescent light noise 1s suddenly




US 8,260,155 B2

17

generated while remote control transmission signals are
input; e.g. where a fluorescent light 1s suddenly turned on. See

FIG. 11 for the explanation below. FIG. 11 shows respective
operational wavelforms of the circuits 1n the infrared remote
control receiver 205, in a case where the fluorescent light
noise OCCcurs.

As shown 1n the figure, even 11 the fluorescent light noise
suddenly occurs (signal bpf 5 1n the figure), the output signal
D2 from the comparator 65 1s output betfore the occurrence of
the noise. Therefore, the selector circuit 11 outputs as the
carrier the output signal D4 of the comparator 64 to which a
higher threshold voltage 1s input. Thus, it 1s possible to
restrain malfunctions attributed to the sudden occurrence of
the fluorescent light noise.

Embodiment 3

Each of Embodiments 1 and 2 deals with a case where the
present nvention 1s applied to an infrared remote control
receiver. The present embodiment however deals with a case
where the present invention 1s applied to an IrDA control.
Note that the operations of the gain control and the like are the
same as those described in Embodiments 1 and 2, theretfore
explanations for these operations are omitted here. Further,
the present embodiment only describes a case of adopting the
configuration of Embodiment 1; however, i1t 1s needless to say
that the configuration of Embodiment 2 1s also adoptable.

FIG. 12 shows a configuration of an IrDA control 70. Note
that members with the same reference numerals as those of
the foregoing infrared remote control recerver 20a shown in
FIG. 1 have the same functions, and explanations for these
members are therefore omitted here.

The IrDA Control 70 includes a transmission section 30
and a reception section 60. The transmission section 50
includes an LED and a drive circuit therefor. The reception
section 60 has the similar configuration as that of the infrared
remote control receiver 20a. However, since the subcarrier of
the IrDA control 1s 1.5 MHz, the reception section 60
includes: a BPF 5a (serving as the BPF 5) whose center
frequency 1s 1.5 MHz; and an oscillation circuit 7a (serving as
the oscillation circuit 7) whose oscillation frequency fosc 1s
1.5 MHz.

With an infrared signal processing circuit of the present
invention which 1s described in the above embodiments,
problems 1n a conventional configuration do not take place.
This point 1s described hereinbelow.

First, the data transferring system disclosed 1n Patent cita-
tion 1 1s provided with a certain period range T check. The
system judges whether received signal 1s an inirared signal or
noise, according to whether or not a halt period Td occurred
within the period range T check. If the signal recerved 1s
judged as to be noise, an amplifier 1s controlled. However, an
infrared signal can vary depending on makers, and there are
more than ten different kinds of infrared signals: e.g., NEC
codes, Sony codes, RCMM codes, etc. Thus, some infrared
signals are not adaptable to the halt period Td of the data
transferring system, and the system 1s not able to recerve those
inadaptable infrared signals. The system 1s not able to handle
sudden occurrence of noise due to 1ts slow gain adjustment

speed, as 1s pointed out 1n Patent citation 5 (Japanese Unex-
amined Patent Publication No. 60410/2006 (Tokukai 2006-

60410; Published on Mar. 2, 2006)).

However, unlike the system of Patent citation 1, the inira-
red remote control receiver 20a for example 1s not configured
to detect an infrared signal pattern. Therefore, the infrared
remote control recerver 20a 1s able to handle various kinds of
infrared signals. Furthermore, the infrared remote control
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receiver 205 having the selector circuit 11 1s able to handle a
case of sudden occurrence of noise.

Further, Patent document 2 discloses a receiver circuit
which demodulates an output signal from a BPF, and which
controls an amplifier and the BPF, using the demodulated
signal as a trigger. However, this receiver circuit has the
following problem. Namely, when noise from fluorescent
light having a high 1lluminance enters the recerver circuit, the
output signal of the BPF 1s saturated by the noise. This causes
the demodulated signal to be constantly in the L level. Due to
this, the demodulated signal does not function as the trigger,
and as the result, the amplifying circuit and bandpass filter are
not controlled.

On the other hand, for example, the infrared remote control
receiver 20a pertorms control prompted by an output signal
from the comparing circuit 6, which signal 1s obtained as a
result of comparison with the output signal bpt from the BPF
5. This output signal of the comparing circuit 6 needed for
performing the control 1s acquired as long as the BPF 5 1s
oscillating. Therefore, 1t 1s possible to avoid the problem of
Patent citation 2 that the amplifier and BPF are not controlled.

Further, Patent citation 3 discloses a remote control light
receiving device which detects an output signal of a BPF and
which reduces noise by increasing the Q-value of the BPF.
However, an increase of the (Q-value causes a problem such as
the follows: deterioration 1n stability of the BPF; and/or dete-
rioration of the reception sensitivity due to increase in wave-
form distortion of the output signal bpi of the BPF. Thus 1s
explained 1n detail with reference to FIG. 13(a) and FIG.
13(b). F1G. 13(a) shows a pole assignment of the BPFE, and
FIG. 13(b) shows an output signal wavelorm of the BPF, at the
time of inputting a remote control transmission signal.

First described 1s the stability of the BPF. Formula (4)
shows the transier function of the BPF, and Formula (3)
shows the polarities pl and p2 of the BPF.

H(s)=(Hx®0s/0)/(s*+00s/O+00?) (4)

p1=(—00/2/0,00(1-(1A0))1?)

p2=(-00/2/0,-00(1-(120)*)Y4) (5)

As shown i FIG. 13(a), the polanty assignment
approaches to the right half plane, by increasing the Q-value
of the BPF. As the result, in a negative feedback circuit, the
BPF 1s made unstable according to Nyquist stability criterion
which says a system 1s destabilized when the polarity assign-
ment 1s 1n the right half plane.

Next described i1s the distortion of the waveform 1n the
output signal of the BPF. A sine wave response of the BPF 1s
obtained as follows. Namely, where Laplace transform of sine
wave 1s as presented 1n Formula (6), the sine wave response of
the BPF 1s obtained by performing reverse-Laplace transform

of H(S)F(S) (Formula (7)).
F($)=L(sin(w0#))=n0/(s*+n0?)

(6)

LY H(F($))=H(1-exp(-n0t/2/0))sin(w07) (7)

It 1s found that the waveform distortion increases with an
increase in the Q-value, since the (1-exp(—®01/2/Q)) 1n For-
mula (7) influences the wavetorm distortion. The increase in
the wavelorm distortion in the output signal of the BPF causes
deterioration 1n the reception sensitivity. Especially, when the
pulse width of the base frequency of the remote control trans-
mission signal 1s small, the waveform distortion 1s relatively
increased. Accordingly, the QQ-value of the BPF 1s set to
approximately 10 to 15 in general.

However, 1n the infrared remote control receiver 20a for
example, the gain of the amplifier 4 and the gain and Q-value
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of the BPF 5 are judged as to be large, when the output signal
D2 1s output from the comparator 65, and the BPF 5 1s rapidly
controlled so that the gain and Q-value of the BPF 5 are
reduced. Thus, the above mentioned problems are avoided.

Further, Patent citation 4 (Japanese Unexamined Patent
Publication No. 331076/1999 (Tokukaihei 11-331076; Pub-
lished on Nov. 30, 1999)) discloses an inirared signal pro-
cessing circuit which generates a reference level voltage for
detecting a carrier, by using a noise level voltage or the like
detected.

In the infrared signal processing circuit, the reception sen-
sitivity drops with variation 1n the reference voltage level at
the time of mputting an infrared signal.

Thus, 1t 1s necessary to smoothen the reference voltage
level with a use of an 1integrating circuit whose time constant
1s large. This necessitates a capacitor with a large capacitance
in the integrating circuit built of the infrared signal processing
circuit. Therefore, the chip-size i1s increased, consequently
increasing the costs.

However, 1n the infrared remote control recerver 20a for
example, a large time constant can be set 1n the logic circuit 8.
Therefore, 1t 1s possible to reduce the capacitance of the
capacitor in the integrating circuit.

Further, Patent citation 5 discloses a gain adjustment cir-
cuit which reduces 1ts time constant so as to handle sudden
generation of fluorescent light noise. In this case, however,
since the time constant of the gain adjustment circuit 1s small,
the reception sensitivity 1s deteriorated.

In the infrared remote control receiver 205, on the other
hand, the carrier detection level 1s suitably modified by the
selector circuit 11. This restrains, while avoiding deteriora-
tion of the reception sensitivity, malfunctions attributed to
sudden occurrence of fluorescent light noise.

Here, an increase in the (Q-value of a bandpass filter desta-
bilizes the bandpass filter, and/or increases the waveform
distortion of the output signal from the band pass filter. Thus,
the reception sensitivity 1s deteriorated. These problems also
occur 1n the remote control light receiving device of Patent
citation 3 which reduces noise by detecting the output signal
ol a bandpass filter and increasing the Q-value thereof.

In view of that, the carrier detection circuit of the present
embodiment may further include a third comparing circuit
for, comparing (1) an output signal from the bandpass filter
with (11) a third threshold voltage which 1s a peak detection
level for judging the level of the output signal from the band-
pass lilter, and whose level 1s higher than the second threshold
voltage, wherein said logic circuit controls, based on an out-
put signal from said third comparing circuit, the gain and
Q-value of the bandpass filter so that an output signal from
said third comparing circuit 1s not output.

In the configuration, the carrier detection circuit includes
the third comparing circuit. When an output signal 1s output
from the third comparing circuit, the gain and QQ-value of the
bandpass filter 1s judged as to be large, and the gain and the
(Q-value of the bandpass filter 1s controlled. Thus, 1t 1s pos-
sible to improve the stability of the bandpass filter, and to
restrain the deterioration of the reception sensitivity caused
by the wavetorm distortion.

The carrier detection circuit of the present embodiment
preferably adapted so that said logic circuit includes a plural-
ity ol counters each of which (1) counts pulses of output
signals from one of said comparing circuits, and (11) outputs,
when a predetermined number of the pulses are counted, a
pulse for controlling the amplitying circuit or the bandpass
filter. Furthermore, 1n addition to the above configuration, the
carrier detection circuit of the present invention may include
an oscillation circuit for oscillating clock signals, wherein
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said logic circuit includes: a first counter which counts clock
signals from the oscillation circuit and outputs (1) first ampli-
tying circuit control signals for use 1n increasing the gain of
the amplitying circuit, and (11) bandpass filter control signals
for use 1n increasing the gain and Q-value of the bandpass
filter; a second counter which counts the output signals from
the first comparing circuit and outputs second amplifying
circuit control signals for use 1n decreasing the gain of the
amplifying circuit, the second counter being one of said plu-
rality of counters; a first up-down counter which (1) counts the
first amplifying circuit control signals and outputs a {first
control signal for causing an increase 1n the gain of the ampli-
tying circuit, and (11) counts the second amplifying circuit
control signals and outputs a second control signal for caus-
ing a decrease 1n the gain of the amplifying circuit; a second
up-down counter which (1) counts the bandpass filter control
signals and outputs a third control signal for causing increase
in the gain and Q-value of the bandpass filter, and (11) counts
output signals from the third comparing circuit and outputs a
fourth control signal for causing decrease in the gain and
Q-value of the band pass filter, the second counter being one
of said plurality of counters.

In the above configuration, since the carrier detection cir-
cuit includes a digital circuit, 1t 1s possible to reduce the chip
s1ze. Consequently, cost reduction 1s also possible.

Patent citation 4 discloses an infrared signal processing
circuit which uses a noise level voltage or the like having been
detected to generate a reference level voltage for detecting a
carrier. Here, the reception sensitivity deteriorates with varia-
tion in the reference voltage level at the time of inputting an
inirared signal. Thus, 1t 1s necessary to smoothen the refer-
ence voltage level with a use of an integrating circuit whose
time constant 1s large. This necessitates a capacitor with a
large capacitance in the integrating circuit built of the infrared
signal processing circuit. Because of this, the chip-size 1s
increased, consequently increasing the cost.

However, 1in the carrier detection circuit, the counter allows
setting of a large time constant. Therefore, the capacitance of
the capacitor in the integrating circuit can be reduced. A large
time constant of the counter can be set by, for example,
enlarging the time constant of the first amplifying circuit
control signal to be mput to the first up-down counter. Fur-
thermore, since 1t 1s possible to set a large time constant, a
rapid variation of the gain can be prevented. Therefore, a
stable reception sensitivity 1s achieved at the time of inputting
an inirared signal.

In addition to the above configuration, the carrier detection
circuit of the present embodiment may adapted so that the
output signals from the second comparing circuit are input to
a reset terminal of the first counter.

In the configuration, the output signal from the second
comparing circuit 1s input to the reset terminal of the first
counter. Therefore, the operation of the first counter 1is
stopped, while the output signal from the second comparing,
circuit 1s output. Accordingly, the control for increasing the
gain of the amplitying circuit, and the control of 1increasing
the gain and the QQ-value of the bandpass filter are not per-
formed, and only the control for reducing the gain of the
amplifying circuit 1s performed. As the result, the variation of
the gain can be made small, and a stable reception sensitivity
at the time of inputting an infrared signal 1s achieved. Further,
since only the control for reducing the gain of the amplifying
circuit 1s performed, malfunctions attributed to the distur-
bance light noise can be restrained.

The carnier detection circuit of the present embodiment
may be adapted so that said first up-down counter includes a
first 1mtial value setting section for setting an 1nitial value of
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the gain of the amplifying circuit; and said second up-down
counter includes a second initial value setting section for
setting an 1n1tial value of the gain and Q-value of the bandpass
filter.

In the configuration, the first up-down counter has the first s
initial value setting function for setting the 1nitial value of the
gain of the amplifying circuit. Further, the second up-down
counter has a second 1mtial value setting function for setting
respective 1mitial values of the gain and the Q-value of the
bandpass filter. With this configuration, 1t 1s possible to set the 10
initial values to suitable values for a use environment. Hence,
an 1nfrared signal processing circuit which 1s suitably adapt-
able for various use environments 1s realized.

The carrier detection circuit of the present embodiment
may be adapted so that each of said counters and up-down 15
counters has a scan path, and during a predetermined occa-
s10n, said counters and up-down counters operate 1n response
to a single clock.

In the configuration, each of the plural counters and plural
up-down counters are provided with a scan path. Therefore, 20
the counters and up-down counters are able to perform a
shift-register operation. Then, 1n waler test performed at a
predetermined occasion, the counters and the up-down
counters are operated by using the same clock CLK. This
allows easier designing of the test, and improves a failure 25
detection rate.

The carrier detection circuit of the present embodiment
may be adapted so that said comparing circuit 1s a hysteresis
comparator.

In the above configuration, the comparing circuit 1s a hys- 30
teresis comparator.

Therefore, even when the output signal from the bandpass
f1lter 1s nearby the threshold voltages, 1t 1s possible to increase
the pulse width of the output signal from the comparing
circuit. Thus, the operation 1n the logic circuit 1s triggered 35
without fail.

The carrier detection circuit of the present embodiment
may be adapted so that an oscillation frequency of the oscil-
lation circuit 1s identical to a center frequency of the bandpass
filter. The carrier detection circuit of the present embodiment 40
may be adapted so that an oscillation frequency of the oscil-
lation circuit 1s smaller than a center frequency of the band-
pass filter.

Since the plural comparing circuits perform comparison of
the output signal of the bandpass filter, the frequency of the 45
output signal is the center frequency of the bandpass filter.

Accordingly, by setting the oscillation frequency of the
oscillation circuit to the same frequency as the center fre-
quency ol the bandpass filter, 1t 1s possible to reduce a time
difference between the bandpass filter and the comparing 50
circuits. As a result, malfunctions of the logic circuit are
restrained.

Further, by setting the oscillation frequency of the oscilla-
tion circuit to a frequency smaller than the center frequency of
the bandpass filter, it 1s possible to increase the time constant 55
of each counter which performs counting operation 1n
response to the output signal from the oscillation circuit
(clock signal), while avoiding increasing the number of bits 1n
the counter.

The carrier detection circuit of the present embodiment 60
may further include: a fourth comparing circuit which com-
pares (1) the output signal from the bandpass filter with (1) a
torth threshold voltage which 1s a second carrier detection
level, and whose level 1s higher than the second threshold
voltage; and a selector circuit for selecting as a carrier the 65
output signal from said second comparing circuit or an output
signal from said fourth comparing circuat.
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In the configuration, the carrier detection level 1s suitably
modified. For example, when an output signal 1s output from
the third comparing circuit: 1.e., when 1t 1s judged that the
output signal from the bandpass filter 1s not suitable for the
received remote control transmission signal, and that a prob-
lem such as an increase 1n the pulse width of the output signal
from the second comparing circuit may occur, the selector
circuit selects as the carrier the output signal from the fourth
comparing circuit which signal obtained as a result of com-
parison with the threshold voltage whose level 1s higher than
the second threshold voltage. Thus, 1t 1s possible to output a
suitable carrier for the received remote control transmission
signal. Further, it 1s possible to restrain malfunctions attrib-
uted to the fluorescent light noise.

Further, as mentioned above, modification of the carrier
detection level allows the carrier detection circuit to handle a
case where fluorescent light noise abruptly enters at the time
of mputting infrared signals. Thus, 1t 1s possible to restrain
malfunction caused by sudden-generated fluorescent light
noise.

The embodiments and concrete examples of implementa-
tion discussed 1n the foregoing detailed explanation serve
solely to illustrate the technical details of the present inven-
tion, which should not be narrowly interpreted within the
limits of such embodiments and concrete examples, but rather
may be applied in many variations within the spirit of the

present invention, provided such variations do not exceed the
scope of the patent claims set forth below.

What 1s claimed 1s:

1. A carrier detection circuit for performing carrier detec-

tion, comprising;

a first comparing circuit;

a second comparing circuit; and

a logic circuit, wherein:

said carrier detection circuit 1s for use in an 1inirared signal
processing circuit including a photo-acceptance element
for converting an infrared signal recerved 1nto an electric
signal, an amplifying circuit for amplifying the electric
signal, a bandpass filter for extracting a carrier ire-
quency component from the electric signal having been
amplified, and an integrating circuit for integrating a
carrier detected 1n the carrier frequency component;

said first comparing circuit compares (1) an output signal of
the bandpass filter with (11) a first threshold voltage
which 1s a noise detection level;

said second comparing circuit compares (1) the output sig-
nal of the bandpass filter with (11) a second threshold
voltage which 1s a first carrier detection level, and whose
level 1s higher than that the first threshold voltage; and

said logic circuit outputs as the carrier an output signal of
said second comparing circuit, and controls the gain of
the amplifying circuit based on the output signal of said
first comparing circuit so that the output signal of said
first comparing circuit 1s not output.

2. The carrier detection circuit as set forth in claim 1,

further comprising:

a third comparing circuit for comparing (1) an output signal
from the bandpass filter with (11) a third threshold volt-
age which 1s a peak detection level for judging the level
of the output signal from the bandpass filter, and whose
level 1s higher than the second threshold voltage,
wherein

said logic circuit controls, based on an output signal from
said third comparing circuit, the gain and Q-value of the
bandpass filter so that an output signal from said third
comparing circuit 1s not output.
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3. The carrier detection circuit as set forth in claim 2,

wherein:

said logic circuit includes a plurality of counters each of
which (1) counts pulses of output signals from one of said
comparing circuits, and (11) outputs, when a predeter-
mined number of the pulses are counted, a pulse for
controlling the amplifying circuit or the bandpass filter.

4. The carrier detection circuit as set forth in claim 3,

turther comprising:

an oscillation circuit for oscillating clock signals, wherein

said logic circuit includes:

a first counter which counts clock signals from the oscilla-
tion circuit and outputs (1) first amplifying circuit control
signals for use 1n 1ncreasing the gain of the amplifying
circuit, and (11) bandpass filter control signals for use 1n
increasing the gain and (Q-value of the bandpass filter;

a second counter which counts the output signals from the
first comparing circuit and outputs second amplifying
circuit control signals for use 1n decreasing the gain of
the amplifying circuit, the second counter being one of
said plurality of counters;

a first up-down counter which (1) counts the first amplify-
ing circuit control signals and outputs a first control
signal for causing an 1ncrease in the gain of the ampli-
fying circuit, and (11) counts the second amplifying cir-
cuit control signals and outputs a second control signal
for causing a decrease in the gain of the amplifying
circuit;

a second up-down counter which (1) counts the bandpass
filter control signals and outputs a third control signal for
causing increase in the gain and QQ-value of the bandpass
filter, and (11) counts output signals from the third com-
paring circuit and outputs a fourth control signal for
causing decrease 1n the gain and Q-value of the band
pass lilter, the second counter being one of said plurality
of counters.

5. The carrier detection circuit as set forth in claim 4,

wherein the output signals from the second comparing circuit
are 1nput to a reset terminal of the first counter.

6. The carrier detection circuit as set forth in claim 4,
wherein:

said first up-down counter includes a first 1nitial value

setting section for setting an 1nitial value of the gain of
the amplifying circuit; and

said second up-down counter includes a second 1nitial

value setting section for setting an initial value of the
gain and Q-value of the bandpass filter.

7. The carrier detection circuit as set forth in claim 4,
wherein:

cach of said counters and up-down counters has a scan

path, and

during a predetermined occasion, said counters and up-

down counters operate 1n response to a single clock.

8. The carrier detection circuit as set forth in claim 2,
wherein at least one of said first, said second, and said third
comparing circuits 1s a hysteresis comparator.

9. The carrier detection circuit as set forth in claim 4,
wherein an oscillation frequency of the oscillation circuit 1s
identical to a center frequency of the bandpass filter.

10. The carrier detection circuit as set forth in claim 4,
wherein an oscillation frequency of the oscillation circuit 1s
smaller than a center frequency of the bandpass filter.

11. The carrier detection circuit as set forth in claim 2,
turther comprising:

a fourth comparing circuit which compares (1) the output

signal from the bandpass filter with (11) a forth threshold
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voltage which 1s a second carrier detection level, and

whose level 1s higher than the second threshold voltage;

and
a selector circuit for selecting as a carrier the output signal
from said second comparing circuit or an output signal
from said fourth comparing circuit.

12. An infrared signal processing circuit, comprising:

a photo-acceptance element for converting an infrared si1g-

nal recerved 1nto an electric signal;

an amplifying circuit for amplitying the electric signal;

a bandpass filter for extracting a carrier frequency compo-
nent from the electric signal having been amplified;

a carrier detection circuit for detecting a carrier from the
extracted carrier frequency component; and

an integrating circuit for integrating the carrier detected 1n
the carrier frequency component, wherein

said carrier detection circuit includes:

a first comparing circuit which compares (1) an output
signal of the bandpass filter with (11) a first threshold
voltage which 1s a noise detection level;

a second comparing circuit which compares (1) the output
signal of the bandpass filter with (11) a second threshold
voltage which 1s a first carrier detection level, and whose
level 1s higher than that the first threshold voltage; and

a logic circuit which outputs as the carrier an output signal
of said second comparing circuit, and controls a gain of
the amplifying circuit based on the output signal of said
first comparing circuit so that the output signal of said
first comparing circuit is not output.

13. The infrared signal processing circuit as set forth in

claim 12, wherein:

said carrier detection circuit further includes a third com-
paring circuit for comparing (1) an output signal from the
bandpass filter with (11) a third threshold voltage which 1s
a peak detection level for judging the level of the output
signal from the bandpass filter, and whose level 1s higher
than the second threshold voltage; and

said logic circuit controls, based on an output signal from
said third comparing circuit, the gain and Q-value of the
bandpass filter so that an output signal from said third
comparing circuit 1s not output.

14. A method of controlling a carrier detection circuit for
performing carrier detection which circuit 1s for use 1n an
inirared signal processing circuit including a photo-accep-
tance element for converting an inirared signal recerved nto
an electric signal, an amplifying circuit for amplifying the
clectric signal, a bandpass filter for extracting a carrier fre-
quency component from the electric signal having been
amplified, and an itegrating circuit for integrating a carrier
detected 1n the carrier ifrequency component; said method
comprising the steps of:

comparing 1n a first comparing circuit (1) an output signal
from the bandpass filter with a first threshold voltage
which 1s a noise detection level;

comparing 1 a second comparing circuit (1) the output
signal of the bandpass filter with (11) a second threshold
voltage which 1s a first carrier detection level, and whose
level 1s higher than that the first threshold voltage; and

controlling with a use of a logic circuit the gain of the
amplifying circuit based on the output signal from the
first comparing circuit so that the output signal from the
first comparing circuit 1s not output; and

outputting from the logic circuit the output signal from the
second comparing circuit as a carriet.

15. A carrier detection circuit for performing carrier detec-

tion, comprising;
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a first comparing circuit;

a second comparing circuit;

an oscillation circuit for oscillating clock signals; and

a logic circuit, wherein:

said carrier detection circuit 1s for use in an infrared signal
processing circuit including a photo-acceptance element
for converting an infrared signal recerved 1nto an electric
signal, an amplifying circuit for amplitying the electric
signal, a bandpass filter for extracting a carrier fre-
quency component from the electric signal having been
amplified, and an integrating circuit for integrating a
carrier detected 1n the carrier frequency component;

said first comparing circuit compares (1) an output signal of
the bandpass filter with (1) a first threshold voltage
which 1s a noise detection level;

said second comparing circuit compares (1) the output sig-
nal of the bandpass filter with (11) a second threshold
voltage which 1s a first carrier detection level, and whose
level 1s higher than that the first threshold voltage; and

said logical circuit includes:

a first counter which counts clock signals from the oscilla-
tion circuit, and (1) outputs, when a first predetermined
number of the pulses are counted, first amplifying circuit
control signals for use in increasing the gain of the
amplifying circuit and (11) outputs, when a second pre-
determined number of the pulses are counted, bandpass
filter control signals for use 1n increasing the gain and
(Q-value of the bandpass filter;

a second counter which counts the output signals from the
first comparing circuit and outputs, when a third prede-
termined number of the pulses are counted, second
amplifying circuit control signals for use in decreasing
the gain of the amplifying circuit;

a first up-down counter which (1) counts the first amplify-
ing circuit control signals and outputs a first control
signal for causing an 1ncrease in the gain of the ampli-
tying circuit, and (11) counts the second amplifying cir-
cuit control signals and outputs a second control signal
for causing a decrease in the gain of the amplifying
circuit; and

a second up-down counter which counts the bandpass filter
control signals and outputs a third control signal for
causing increase 1n the gain and Q-value of the bandpass
filter,

an output signal from the second comparing circuit 1s input
to a reset terminal of the first counter,

the logical circuit controls the gain of the amplifying cir-
cuit with use of the first control signal and the second
control signal so that the output signal of said first com-
paring circuit 1s not output and controls the gain and
Q-value of the bandpass filter with use of the third con-
trol signal, and

the output signal of said second comparing circuit 1s the
carriet.

16. The carnier detection circuit as set forth in claim 15,

turther comprising:

a third comparing circuit for comparing (1) an output signal
from the bandpass filter with (11) a third threshold volt-
age which 1s a peak detection level for judging the level
of the output signal from the bandpass filter, and whose
level 1s higher than the second threshold voltage,
wherein

said second up-down counter counts output signals from
the third comparing circuit and outputs a fourth control
signal for causing decrease 1n the gain and Q-value of the
band pass filter, and
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said logic circuit controls, with use of the fourth control
signal, the gain and Q-value of the bandpass filter so that
an output signal from said third comparing circuit 1s not
output.

17. The carrier detection circuit as set forth in claim 16,

wherein:

the first predetermined number of the pulses 1s larger than
the second predetermined number of the pulses and the
third predetermined number of the pulses, and the third
predetermined number of the pulses 1s larger than the
second predetermined number of the pulses,

a time constant, for controlling the gain of the amplifying
circuit, which 1s set in the first counter and the second
counter 1s 300 msec or more, and

a time constant, for controlling the gain and QQ-value of the
bandpass filter, which 1s set in the first counter and the
second up-down counter 1s 300 msec or less.

18. The carrier detection circuit as set forth in claim 15,

wherein:

said first up-down counter includes initial value setting
means for setting an output of a D thip-tlop provided in
said first up-down counter, the mitial value setting
means setting the output of the D tlip-tlop and control-
ling an output signal of said first up-down counter so as
to set an mitial value of the gain of the amplifying circuit;
and

said second up-down counter includes 1nitial value setting
means for setting an output of a D flip-tlop provided 1n
said second up-down counter, the initial value setting
means setting the output of the D tlip-tlop and control-
ling an output signal of said second up-down counter so
as 1o set an 1mitial value of the gain and Q-value of the
bandpass filter.

19. The carrier detection circuit as set forth in claim 15,

wherein:

cach of said counters and up-down counters has a scan
path, and

said counters and up-down counters operate 1n response to
a single clock so that designing of test of said counters
and up-down counters becomes easy.

20. The carrier detection circuit as set forth in claim 16,

wherein said comparing circuit 1s a hysteresis comparator.

21. The carrier detection circuit as set forth 1n claim 16,
wherein an oscillation frequency of the oscillation circuit 1s
identical to a center frequency of the bandpass filter.

22. The carrier detection circuit as set forth 1in claim 16,
wherein an oscillation frequency of the oscillation circuit 1s
smaller than a center frequency of the bandpass filter.

23. An infrared signal processing circuit comprising:

a photo-acceptance element for converting an infrared sig-

nal recerved 1nto an electric signal;

an amplifying circuit for amplitying the electric signal;

a bandpass filter for extracting a carrier frequency compo-
nent from the electric signal having been amplified;

a carrier detection circuit for performing carrier detection
from the carrier frequency component having been
extracted having been extracted; and

an itegrating circuit for integrating a carrier detected 1n
the carrier frequency component,

the carrier detection circuit including

a first comparing circuit;

a second comparing circuit;

an oscillation circuit for oscillating clock signals; and

a logic circuit, wherein:

said first comparing circuit compares (1) an output signal of
the bandpass filter with (11) a first threshold voltage
which 1s a noise detection level;
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said second comparing circuit compares (1) the output sig-
nal of the bandpass filter with (11) a second threshold
voltage which 1s a first carrier detection level, and whose
level 1s higher than that the first threshold voltage; and

said logical circuit includes:

a {irst counter which counts clock signals from the oscilla-
tion circuit, and (1) outputs, when a first predetermined
number of the pulses are counted, first amplifying circuit
control signals for use in increasing the gain of the
amplifying circuit and (11) outputs, when a second pre-
determined number of the pulses are counted, bandpass
filter control signals for use 1n increasing the gain and
Q-value of the bandpass filter;

a second counter which counts the output signals from the
first comparing circuit and outputs, when a third prede-
termined number of the pulses are counted, second
amplifying circuit control signals for use in decreasing
the gain of the amplifying circuit;

a first up-down counter which (1) counts the first amplify-
ing circuit control signals and outputs a first control
signal for causing an 1ncrease in the gain of the ampli-
tying circuit, and (11) counts the second amplifying cir-
cuit control signals and outputs a second control signal
for causing a decrease 1n the gain of the amplifying
circuit; and

a second up-down counter which counts the bandpass filter
control signals and outputs a third control signal for
causing increase 1n the gain and Q-value of the bandpass
filter,

an output signal from the second comparing circuit 1s input
to a reset terminal of the first counter,

the logical circuit controls the gain of the amplifying cir-
cuit with use of the first control signal and the second
control signal so that the output signal of said first com-
paring circuit 1s not output and controls the gain and
Q-value of the bandpass filter with use of the third con-
trol signal, and

the output signal of said second comparing circuit 1s the
carriet.

24. A method for controlling a carrier detection circuit for
use 1n an infrared signal processing circuit including a photo-
acceptance element for converting an infrared signal recerved
into an electric signal, an amplifying circuit for amplifying
the electric signal, a bandpass filter for extracting a carrier
frequency component from the electric signal having been
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amplified, and an integrating circuit for integrating a carrier
detected 1n the carrier frequency component,

the method comprising the steps of:

causing a first comparing circuit to compare (1) an output
signal of the bandpass filter with (11) a first threshold
voltage which 1s a noise detection level;

causing a second comparing circuit to compare (1) the
output signal of the bandpass filter with (11) a second
threshold voltage which 1s a first carrier detection level,
and whose level 1s higher than that the first threshold
voltage;

causing a flirst counter 1 a logical circuit which first
counter has a reset terminal to which an output signal
from the second comparing circuit 1s input to count
clock signals from the oscillation circuit, and (1) output,
when a {first predetermined number of the pulses are
counted, first amplifying circuit control signals for use 1n
increasing the gain of the amplifying circuit and (11)
output, when a second predetermined number of the
pulses are counted, bandpass filter control signals for use
in increasing the gain and Q-value of the bandpass filter;

causing a second counter 1n the logical circuit to count the
output signals from the first comparing circuit and out-
put, when a third predetermined number of the pulses are
counted, second amplifying circuit control signals for
use 1n decreasing the gain of the amplifying circuat;

causing a first up-down counter 1n the logical circuit to (1)
count the first amplifying circuit control signals and
output a first control signal for causing an increase in the
gain ol the amplifying circuit, and (11) count the second
amplifying circuit control signals and output a second
control signal for causing a decrease in the gain of the
amplilying circuit;

causing a second up-down counter 1n the logical circuit to
count the bandpass filter control signals and output a
third control signal for causing increase in the gain and
(Q-value of the bandpass filter;

causing the logical circuit to control the gain of the ampli-
tying circuit with use of the first control signal and the
second control signal so that the output signal of said
first comparing circuit 1s not output and control the gain
and QQ-value of the bandpass filter with use of the third
control signal; and

outputting as the carrier the output signal of said second
comparing circuit.
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